Spectroscopic studies on the oxygen-binding site of hemocyanins. by Deen, Hendrik van der
  
 University of Groningen
Spectroscopic studies on the oxygen-binding site of hemocyanins.
Deen, Hendrik van der
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1977
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Deen, H. V. D. (1977). Spectroscopic studies on the oxygen-binding site of hemocyanins. s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
i l e m o c y a n i n s  a r e  m u l t i s u b u n i t  p r o t e i n s  w h i c h  o c c u r  f r e e l y
d i s s o l v e d  i n  t h e  h e m o l y m p h  o f  r n a n y  m o l l u s c s  ( s u c h  a s  s n a i f s  a n d
s q u i d s )  a n d  a r t h r o p o d s  ( s u c h  a s  c r a b s ,  l o h s t e r s ,  s p i d e r s  a n d
s c o r p i o n s )  .  T h e  l 1 g a n d  b i n d i n g  s i t e  o f  t h e s e  n o n - h e m e  r e s p i r a t o r y
p r o t e i n s  h a s  l o n g  b e e n  o f  i n t e r e s t  a n d  i s  c o n s i d e r e d  t o  c o n t a i n
f w o  c o n n p r  i n n c  1 4 [ ! s h  r e v e r s i b l _ y  b i n d  I  O ,  m o l e c u l e .  T h e  S t r u c t u r e
a n d  p r o p e r t i e s  o f  h e m o c y a n i n s  h a v e  b e e n  r e v l e w e d  f r e q u e n t l y r  m o s t
r e c e n t l y  b y  V a n  H o l d e  a n d  V a n  B r u g g e n l ,  L o n t i e  a n d  W i t t e r s 2 ,
r ^ h + i  ^  - - n  \ r - - ^ , ,  -  - 3  r . .  - - - 4  -  ,  .  - 5L O n r r e  a n o  v a n q u a c K e n b o r n e  a n d  l v t l - l - r a m s  a n d  L o n E r _ e  .
f n  t h e  p a s t  d e c a d e  h e m o c y a n i n  r e s e a r c h  a t  t h e  U n i v e r s i t y  o f
G r o n i n g e n  h a s  d e v e l o p e d  i n t o  a  j o i - n t  p r o j e c t  o f  t h e  b i o c h e m i s t r y ,
p h y s i c a l  c h e m i s t r y  a n d  s t r u c t u r a l -  c h e m i s t r y  d e p a r t m e n t s .  B o t h -
a r t h r o p o d a l  a n d  m o l l u s c a n  h e m o c y a n i n s  w e r e  s t u d i e d  b y  K o n i n g s " ,
' l  A  q  r n  t t
D i j k ' ,  S c h o o t  U i t e r k a m p " ,  S i e z e n - ,  V a n  D r i e I - " ,  B r o u w € r ^ ' ,
1 )  l ?
S c h e p r n a n ' -  a n d  K u i p e r ^ - .  T h e  r e s e a r c h  i n c l u d e d  s u b j e c t s  a s  a m i n o -
ac id  seguence  de te rm j -na t i on ,  examina t i on  o f  t he  qua te rna ry  s t ruc tu re ,
t he  s t ruc tu re  and  func t i on  re la t i onsh ip ,  and  the  ac t i ve  s i t e .  The
p resen t  s ta te  o f  r esea rch  on  hemocyan ln  i s  exce l l en t l y  desc r i bed
1 A
i n  t h e  P r o c e e d i n g s  o f  t h e  V t h  H e m o c y a n i n  W o r k s h o p  i n  1 9 7 6 ^ = .
O u r  p r e s e n t  k n o w l e d g e  o f  t h e  a c t i v e  s i t e s  o f  h e m o c y a n i n s  i s  m a i n l y
b a s e d  o n  s p e c t r o s c o p i c a l  t e c h n i q u e s ,  b e c a u s e  u n t 1 1  n o w  n o  h i g h
r e s o l u t i o n  X - r a y  s t r u c t u r e  o f  t h i s  p r o t e i n  j - s  a v a i l a b l e .  I n  t h i s
t h e s l s  w e  w i l l  d e s c r i b e  s p e c t r o s c o p i c a l  m e a s u r e m e n t s  o n  h e m o c y a n i n
a n d  i t s  m o d l f i e d  s t a t e ,  w i t h  c j - r c u l a r  d i c h r o j - s m  ( C D )  ,  e l e c t r o n
p a r a m a g n e t i c  r e s o n a n c e  ( E P R ) ,  i n f r a r e d  ( I R ) ,  m a g n e t l c  s u s c e p t i b i l i t y ,
r e s o n a n c e  R a m a n  a n d  X - r a y  p h o t o e J - e c t r o n  s p e c t r o s c o p i c a t ( X P S )  t e c h -
n i -ques  and t ry  to  re la te  the  resu l , ts  o f  these measurements  w i th
t h e  s t r u c t u r e  o f  t h e  o x y g e n - b i n d j - n g  s i t e .  S p e c i f i c  i n t r o d u c t i o n s
i n  e a c h  o f  t h e  f o l l o w i n g  f i v e  c h a p t e r s  w i l l  s u p p l e m e n t  t h i s  g e n e r a l
i n t r o d u c t i o n .
l l emocyan lns  are  mul t l subun i t  p ro te ins  wh ich  occur  f ree ly
d isso lved in  the  hemolymph o f  many mol luscs  (such as  sna j - l s  and
s q u i d s )  a n d  a r t h r o p o d s  ( s u c h  a s  c r a b s '  l o h s t e r s ,  s p i d e r s  a n d
s c o r p i o n s )  .  T h e  l i g a n d  b i n d i n g  s i t e  o f  t h e s e  n o n - h e m e  r e s p i r a t o r y
p r o t e i n s  h a s  l o n g  b e e n  o f  i n t e r e s t  a n d  i s  c o n s i d e r e d  t o  c o n t a i n
t w o  c o p p e r  i o n s  w h i c h  r e v e r s i b l y  b i n d  I  O ,  m o l e c u l e .  T h e  s t r u c t u r e
and proper t ies  o f  hemocyan ins  have been rev iewed f requent lYr  most -
r e c e n t l y  b y  V a n  H o l d e  a n d  V a n  B r u g g e n l ,  L o n t i e  a n d  W i t t e r s 2 ,
i  ,  -  4  _  . . 5L o n t i e  a n d  V a n q u i c k e n b o r n e -  a n d  W i l l i a m s '  a n d  L o n t i e - .
f n  t h e  p a s t  d e c a d e  h e m o c y a n j - n  r e s e a r c h  a t  t h e  U n i v e r s i t y  o f
G r o n i n g e n  h a s  d e v e l o p e d  i n t o  a  j o l n t  p r o j e c t  o f  t h e  b i o c h e m i s t r y ,
^ h r r q i  n a  l  c h a m i  q 1 -  r r r  a n d  q f  r r r c f  r r r :  l  C h e m i s t f y  d e p a f  t m e n t s .  B O t h- - r - _
a r t h r o p o c l a l  a n d  m o l l u s c a n  h e m o c y a n l n s  w e r e  s t u d i e d  b y  K o n i n g s b ,
7  R  s  l o  
-  l ID i j k '  ,  S c h o o t  U i t e r k a m p " ,  S i e z e n -  ,  V a n  D r i e I - " ,  B r o u w € r  -  ^  r
s c h e p m a n l 2  a . , d  K u i p e r l 3 .  t h .  r e s e a r c h  i n c l u d e d  s u b j e c t s  a s  a m i n o -
a c i d  s e q u e n c e  d e t e r m i - n a t i o n ,  e x a m i n a t i o n  o f  t h e  q u a t e r n a r y  s t r u c t u r e ,
t h e  s t r u c t u r e  a n d  f u n c t i o n  r e l a t i o n s h i p ,  a n d  t h e  a c t i v e  s i t e .  T h e
p r e s e n t  s t a t e  o f  r e s e a r c h  o n  h e m o c y a n l n  i s  e x c e l l e n t l y  d e s c r i b e d
1 A
i n  t h e  P r o c e e d i n g s  o f  t h e  V t h  H e m o c y a n i n  W o r k s h o p  i n  1 9 7 6 - ' .
O u r  p r e s e n t  k n o w l e d g e  o f  t h e  a c t i v e  s i t e s  o f  h e m o c y a n i n s  i s  m a i n l y
b a s e d  o n  s p e c t r o s c o p i c a l  t e c h n i q u e s ,  b e c a u s e  u n t i l  n o w  n o  h i g h
r e s o l u t i o n  X - r a y  s t r u c t u r e  o f  t h i s  p r o t e i n  i s  a v a i l a b l e .  f n  t h i s
t h e s i s  w e  w i l l  d e s c r i b e  s p e c t r o s c o p i c a l  m e a s u r e m e n t s  o n  h e m o c y a n i - n
a n d  i t s  m o d i f i e d  s t a t e ,  w i t h  c i r c u l a r  d i - c h r o i s m  ( C D )  ,  e l e c t r o n
p a r a m a g n e t i c  r e s o n a n c e  ( E P R ) ,  i n f r a r e d  ( I R )  ,  m a g n e t i c  s u s c e p t i b i l i t y ,
r e s o n a n c e  R a m a n  a n d  X - r a y  p h o t o e l e c t r o n  s p e c t r o s c o p i c a l ( X P S )  t e c h -
n iques  and t ry  to  re la te  the  resu l ts  o f  these measurements  w i th
t h e  s t r u c t u r e  o f  t h e  o x y g e n - b i n d i n g  s i t e .  S p e c i f i c  i n t r o d u c t i o n s
i n  e a c h  o f  t h e  f o l l o w i n g  f i v e  c h a p t e r s  w i l l  s u p p l e m e n t  t h i s  g e n e r a l
i n t r o d u c t i o n .
